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(54) COMPOSITION FOR FORMING SOLID PARTICLES 



(57) The composition for forming solid particles of 
the present invention comprises a biodegradable poly- 
mer, a solvent, a polyhydric alcohol, a viscosity-increas- 
ing agent and an active drug, wherein the composition 
is in the form of an emulsion comprising a continuous 
phase rich in the polyhydric alcohol and the viscosity- 
increasing agent and a dispersed phase of liquid parti- 
cles rich in the biodegradable polymer and the solvent 
the dispersed phase being present in said continuous 
phase. The above composition can allow the carrier 
comprising an active drug to reach all corners of narrow 
periodontal pockets, and the carrier comprising the 
active drug has high retention in the periodontal pock- 
ets, whereby making it possible to maintain the active 
drug for a long period of time at a high concentration. 
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itH rtides Further the present invention 

^BQUMOABI ^w.ono-tennsustained.e.ease properly 

I0 0021 Traditionally, various studies in P^^^^J parses, such as microspheres, nano- 
Xention of active drugs and the r,ke inwo. However, there have been courted 

rr.crocapsu.es, can be ^^. a ^XS meW.ucf.ng 1) the residue of an 
e£son*p,oblems-^ andthe ; «*e. There has. 
vent used to dissolve a polymer. 2) the necessity a oreoaring microspheres and the like. 
ZeZe, been a demand for a method capable of sa£y S^systems for treatment of peno- 

Si In addition, various studies on ptomaceutes teen macte on , ^ 
SdfeeaseTA typical example of a solid preparation e given '" ^^V^ ^ ^ requi red for adminfetra- 



Shave rS^been regarded as I^S^SlSSSS^i * S^nem acting as a carrierteing 
2£ ^e^-term retention in per^d^poctej ^ exampte; refers to a n^o^e* 

Segradabte. In view of the above, one disclosed «n U^em no* because a complicated method 

^STcomprising an active drug. The ^^ 6 ^t^^S^A costly, so that its clinical app^- 
^SSSpara^ isern^n ^^^^^elment of periodontal diseases. Fur- 

ST FurmSw92AX)71 8 discloses a ^^jf^^SSofa periodontal disease with neariy 
SSes an invention relating to a ^ n ^ M f^^^^S sysSn The compositions for the 
tmmm pharmaceutical characteristics as those of tt ^^^f 0 ^^ in k«h a state of dissolving a pdy- 
35 TJZZ ofa^onta. dsease dsdosed * fJS* and dasolving or discing an 

" /hiodearadaUe polymer) functioning as a sustained-release ™ solidif ies as the solvent is 

iution. When su* a 0 ^^^S retains the so* formw* 
Srted in water, and the active drug is released. 0r ^jf^*^^s^^ 
a^C*«j^« 

3" ^ afdesSSTn U.S. Patent Na ^^tcS^S* Therefore, in 
^on^asnrtfobepresert^ 

Redesign of a preparation, it is couriered tote ^^^XlSradabilrty of the element used as a earner 
« area of the solidified polymer compound >n ^ to ™^a3*i for forming solid particles in whjch *e 
roOOTl A first object of the present .mention .s to provriea «J*^ ^ ^ be maintained at the adrrane- 
Sstration procedures are simple, an ^ v C ^tSS^nistration. Stilla second object of 
tration sHe. so that the active drug manufacturing the solid particles. Stf a th-rd ob.ed of 

the present invention is to provide a method for ^^^^ agem comprising the composition for a pen- 
» me preset invention is to provide a ^^^^^SoTis ?pro*le a method of treatment arxi a pro- 



55 r^lps''RgOP'NVENI!Qti 

[0008] The gist of the present invention pertains to: 



EP1033127A1 



[1] a composition for forming solid particles comprising a biodegradable polymer, a solvent, a polyhydric alcohol, a 
viscosity-increasing agent, and an active drug, wherein said composition is in the form of an emulsion comprising 
a continuous phase rich in the polyhydic alcohol and the viscosity-increasing agent and a dispersed phase of liquid 
particles rich in the biodegradable polymer and the solvent, the dispersed phase being present in the continuous 
phase; 

[2] a method for manufacturing a composition for forming solid particles, comprising adding an active drug to a mix- 
ture comprising a polyhydric alcohol and a viscosity-increasing agent and/or to a biodegradable polymer dissolved 
with a solvent, and mixing the mixture comprising a polyhydric alcohol and a viscosity-increasing agent, and the 
biodegradable polymer dissolved with a solvent; 

[3] a therapeutic agent or prophylactic agent of a periodontal disease or gingivitis, comprising the composition of 
item [1J above; 

[4] a method of treatment or prophylactic method of a periodontal disease or gingivitis comprising administering a 
sufficient amount of the composition of item [1) above to a periodontal pocket for the treatment or prophylaxis of a 
periodontal disease or gingivitis; and 

[5] the use of the composition of item [1] above for manufacturing a therapeutic agent or prophylactic agent of a per- 
iodontal disease or gingivitis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Figure 1 is a view showing solid particles rich in poly(lactide-co-glycolide), wherein the magnification of this image 
(scanning electron microscope) is 3,000. 

Figure 2 is a view showing solid particles rich in poly(lactide-co-glycolide), wherein the magnification of this image 
(scanning electron microscope) is 900. 

Figure 3 shows the shape of a cavity used in Test Example 2, wherein a width P of the cavity is 6 mm, and a depth 
Q of the cavity is 30 mm. 

Figure 4 is a schematic view of a vessel prepared with a dialysis tube used in Test Example 4. In the figure, "a* is 
a knot portion of the dialysis tube. 

Figure 5 is a schematic view showing the positions of a center V of a fixed position, the fixed position V, a spread- 
ing area "d" of solid particles, and a distance L of the spreading area on a slide glass "e" in Test Example 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 

1 . Composition of the Present Invention for Forming Solid Particles 

[0010] The composition of the present invention for forming solid particles comprises a biodegradable polymer, a 
solvent, a polyhydric alcohol, a viscosity-increasing agent and an active drug, wherein the composition is in the form of 
an emulsion comprising a continuous phase rich in the polyhydric alcohol and the viscosity-increasing agent and a dis- 
persed phase of liquid particles rich in the biodegradable polymer and the solvent, the dispersed phase being present 
in the continuous phase. 

[001 1 ] The biodegradable polymer usable in the composition of the present invention for forming solid particles is 
not particularly limited, as long as it is hydrolyzable norvenzymatically or enzymatically. Concretely, such biodegradable 
polymers include poly lactic acids, pdyglycolic acids, pdy(lactide-co-glycolides), polycaprolactones, pel yam ides, poly- 
urethanes, polyanhyd rides, polyesterarrrides, poly(maIic acids), chrtin, and chitosan, with preference given to polylactic 
acids, pdyglycolic acids, and poly(lactide-co-glycolide$) from the viewpoint of the compatibility in periodontal pockets. 
The biodegradable polymer may be constituted by a single ingredient alone or a mixture of two or more kinds of ingre- 
dients. 

[001 2] In addition, from the viewpoints of the formability of the solid particles formed in periodontal pockets and the 
dispersibility of the solid particles in periodontal pockets, it is preferable that the biodegradable polymer for the present 
invention is ones showing appropriate viscosity. Concretely, the intrinsic viscosity of the biodegradable polymer is pref- 
erably in the range of from 0.075 to 0.210 dl/g, more preferably in the range of from 0.100 to 0.150 dl/g. In addition, the 
molecular weight of the biodegradable polymer is not particularly limited, and the weight-average molecular weight is 
preferably in the range of from 2,000 to 50,000, more preferably in the range of from 5,000 to 20,000. 
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[0013] Thesdv^usabteinthecc^^ 
dissoLther*^ 

citrate, propylene carbonate. ^tr^2^oneand ^^'^ZZl of two or more Kinds of 
glyceryl triacetate The solvent may be constituted by a single ingreaeni « 

SC^fcepo^ 
which do not affect the 

agentused. with preferer^g^^ wrtn pref. 

ethylene glycol. Methylene glycol, prcpyleneglycol. h ^^^^ n SS d by^gle ingredient atone 
erence given to glycerol and propylene glycol. The polyhydnc alcohol may oe consrmneu u, 

or a mixture ol two or more Kinds of ingredients. ^ oresent invention, there can be selected 

[00151 Astheviswsity*^^ 

tuted by a single ingredient atone or a mixture «^«™*^*^^ m]ng particles cannot be abso- 
[00161 The active drug usable in the corrrposAon of * e ^*™^^ present invention 

Udefined because itv^esd^^ 

is used in. for instance, the area of dentistry. rt *<^^^ y n E ^^^ of a periodontal tis- 

tton in a periodontal fesue. mitigating an extentd '^T^S^^^^ZL. antibacterial agents, 
sue or the like, and is medically acceptable. ^^^^'^^^Setics. vaccines, med- 
antifungalagerr^ar^^ 

icines for central nervous, hormones, ^f* 1 ?^™*™ J^Sline hydrochloride tetracycline, doxycycline. 
^udetetmcydina^iot^ Theantibacte- 
erythromycin, clarithromycin, and the like. Further, there ^^^ ^ Wsauarwtes. such as chlorhexidine; 

Agents include quaternary ammonium sate, such as c^ ^^^^^^^ ^ incl ude 
new quinolone, such as sparfloxacin and dtoxaw tnd^n end^ ,S.iprofen. aspirin, 

miconazole nitrate, trichomycin. and azalomyone. ^^^^^^^T^^ctors, epider- 

« weight, of the composition of the present or more, from the 

« ^sta.mc.epreferabfyfrom^te 

i^viscosrtydthec^nuousp^ 

the viewpoint of suppressing the luence to » e a M where the desired effect 

[0022] The content of the active drug is not particularly hmrted. as ^"^^J"* fmmO 5to 10%by weight. 
55 exhorted, and the content is prefetaWy from 0. ?S e Sent of 9 fhe 

and particularly preferably from 05 to 5%by^e,ghtof ^comp^rbon of the d effectiveness, the 
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in an amount of the upper limit or more, the effectiveness is not increased 

[0023] Also, the total amount of the polyhydric alcohol and the viscosity-increasing agent is preferably from 40 to 
95% by weight more preferably from 45 to 80% by weight, and particularly preferably from 65 to 80% by weight, of the 
composition of the present invention. The total amount is preferably 40% by weight or more, from the viewpoint of the 
stability of the emulsion, and the total amount is preferably 95% by weight or less, from the viewpoints of the stabiBty of 
the emulsion and the retention of the active drug. 

[0024] In addition, there can be added pharmacologically acceptable additives, such as magnesium chloride, mag- 
nesium sulfate, magnesium carbonate, calcium chloride, and barium chloride, to the composition of the present inven- 
tion. The content of these additives is preferably from 1 .0 to 30% by weight, more preferably from 1 .0 to 25% by weight 
and particularly preferably from 1.0 to 10% by weight of the composition of the present invention. 
[0025] The composition of the present invention is in the form of an emulsion comprising a continuous phase rich 
in a polyhydric alcohol and a viscosity-increasing agent and a dispersed phase of liquid particles rich in a biodegradable 
polymer and a solvent the cfispersed phase being present in the continuous phase. 

[0026] The average particle size of the liquid particles is preferably from 1 to 300 urn, more preferably from 1 to 50 
jim, particularly preferably from 5 to 40 ^im, and most preferably from 5 to 25 jim, as observed by phase-contrast micro- 
scope. The average particle size is preferably 1 pm or more, from the viewpoint of maintaining the amount of the active 
drug retained in each solid particle, and the average particle size is preferably 300 urn or less, from the viewpoint of the 
dispersibility in the periodontal pockets. 

[0027] It is preferable that the composition of the present invention is those in which the ingredients of the polyhy- 
dric alcohol and the viscosity-increasing agent, which constitute the continuous phase, are allowed to quicWy dissolve, 
whereby forming solid particles rich in a biodegradable polymer having low solubility against water, when the composi- 
tion is brought into contact with an aqueous component (e.g., an aqueous component in the oral cavity). Because the 
above solid particles incorporate surrounding ing-edients, such as the active drug, during their formation (including dur- 
ing the formation of liquid particles), the solid particles contain the active drug. Because the above solid particles are 
small and have high fluidity, solid particles containing the active drug are expected to be distributed well into all comers 
of periodontal pockets, when their behavior in periodontal pockets is considered. The average particle size of the sofid 
particles formed is not particularly limited, and the average particle size is preferably from 1 to 100 urn. more preferably 
from 1 to 50 urn. and particularly preferably from 5 to 50 urn, as determined by scanning electron microscope. 
[0028] In adcftion, in a case where the composition of the present invention is administered to a periodontal pocket, 
or the like, it is preferable that the fluidity of the composition is of a level which is injectable from a syringe. 
[0029] Furthermore, an adhesive, such as an acrylic acid polymer or a starch derivative, may be contained in the 
continuous phase. In this case, the adhesiveness of the solid particles formed is even more enhanced. The above com- 
position is preferably used when purposefully used to obtain solid particles showing high retention at the administration 
site. Concrete examples of the adhesives, such as acrylic acid polymers and starch derivatives, include carboxyvinyl 
polymers, dextrin, alpha-starch, and partial alpha-starch. The content of the adhesive in the composition comprising the 
adhesive is not particularly limited, and the content is preferably from 0.005 to 1.0% by weight, more preferably from 
0.01 to 0.5% by weight of the composition for forming solid particles. The adhesive may be constituted by a single 
ingredient alone or a mixture of two or more kinds of ingredients. 

[0030] In adcftion, in the composition of the present invention, the active drug is usually contained in both the con- 
tinuous phase and the dispersed phase which comprises liquid particles, and the extent of the content of the aclive drug 
in the two phases depends on its affinity for the ingredients constituting the continuous phase and the dispersed phase. 
Therefore, the effective amount of the active drug in the continuous phase and the dispersed phase can be adjusted by 
appropriately selecting the kinds and combination of the active drug, kinds and combination of individual ingredients, 
and the like. With the formation of the soBd particles rich in a biodegradable polymer from liquid particles, the active 
drug is incorporated in the soBd particles. 

[0031] The method for manufacturing the composition of the present invention is not particularly limited, and it is 
preferable that the composition is prepared so as to form the above emulsion with each ingredient For example, the 
composition can be obtained by mixing a mixture comprising a polyhydric alcohol and a viscosity-increasing agent with 
a biodegradable polymer dissolved with a solvent When the ingredients of the continuous phase and the ingredients of 
the dispersed phase are mixed, it is preferable that both phases are maintained at a temperature of about 50° to about 
60°C under an appropriate stirring force. By maintaining the temperature as descrtoed above, the apparent viscosity is 
reduced, whereby producing a state in which their mixing is facilitated. In addition, when the polyhydric alcohol and the 
viscosity-increasing agent are mixed, the polyhydric alcohol may be heated to a temperature of 80° to 140°C. 
[0032] According to the characteristics thereof, the active drug may be added to the ingredients of either phase 
before these ingredients are mixed. For instance, there may be exemplified an embodiment of mixing a mixture of a pol- 
yhydric alcohol, a viscosity-increasing agent and an active drug with a biodegradable polymer dissolved with a solvent; 
an embodiment of mixing a mixture of a polyhydric alcohol and a viscosity-increasing agent with a mixture of a biode- 
gradable polymer dissolved with a solvent and an active drug; an embodiment of adding an active drug to both phases, 
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and then mixing the two phases, and the like. In addition, when the active drug is added to the ingrecfients of the con- 
tinuous phase, it may be added during heating, or it may be added after cooling, depending on the characteristics of the 
active drug. In addition, when an adhesive is used, these ingredients are added to the ingredients of the continuous 
phase to allow dissolution of the adhesive, and the ingredients may, for example, be heated to a temperature of 50° to 
140°C. 

2. Therapeutic Agent Prophylactic Agent Methods of Treatment and Prophylactic Method of the Present Invention 

[0033] Since solid particles comprising an active drug can be obtained, the composition of the present invention for 
forming solid particles can be utilized in medicinal fields. It is. therefore, possible to provide a therapeutic agent a pro- 
phylactic agent a method of treatment and a prophylactic method for various diseases by using the composition of the 
present invention. In the field of dentistry, in particular, the composition of the present invention can. tor example, be 
preferably used for the treatment of a periodontal disease, treatment of gingivitis, prophylaxis of periodontal diseases, 
and prophylaxis of gingivitis. 

[0034] When the composition of the present invention is used in the therapeutic method and the prophylactic 
method, the conposWon of the present invention perse may be used, or a suspension of solid particles formed by aid- 
ing water and the like to the composition may be used. The above suspension can be administered by various admin- 
istration methods, such as oral administration, subcutaneous injection, and intravenous injection. When the 
composition of the present invention per se is used, as in the case where the composition is administered into a perio- 
dontal pocket solid particles are formed by an aqueous component such as saliva or gingival crevicular fluid. 
[0035] As the method of treatment or the prophylactic method of the present invention, there can be exemplified the 
following embodiments in the field of dentistry. 

(1) A method of treatment of a periodontal cfisease or gingivitis comprising administering a sufficient amount of the 
composition of the present invention to a periodontal pocket for the treatment of a periodontal disease or gingivitis. 

(2) A prophylactic method of a periodontal disease or gingivitis comprising administering a sufficient amount of the 
composition of the present invention to a periodontal pocket for the prophylaxis of a periodontal disease or gingivi- 
tis 

[0036] In these method of treatment and prophylactic method in the field of dentistry, the amount of the composition 
of the present invention used is an amount sufficient for eliminating pathological bacteria in a case where an antibacte- 
rial agent, and the like is used as an active drug. The usage is one administration in one to two weeks, and the number 
of administration is preferably once or twice. The administration amount of the composition for forming solid particles to 
a periodontal pocket is preferably an amount such that the periodontal pocket is full of the composition (about 50 mg). 
[0037] As described above, since the composition of the present invention can be used for the method of treatment 
and the prophylactic method for a periodontal disease or gingivitis, the composition of the present invention can be used 
for a therapeutic agent for a periodontal cfisease or gingivitis, or a prophylactic agent for a periodontal disease or gingi- 
vitis. In the above therapeutic agent and the prophylactic agent of the present invention, minocycline hydrochloride is 
preferable as an active drug from the viewpoint of sterifization and bacteriostatis of the periodontpathic bacteria which 
is considered to be the causation of such diseases. 

[0038] Further, the present invention provides the use of the composition for forming solid particles for manufactur- 
ing a therapeutic agent or prophylactic agent for a periodontal disease or gingivitis. 

[0039] The present invention win be descrfoed in further detail below by means of Examples. Comparative Exam- 
ples, and Test Examples, but the present invention is by no means limited by these Examples, and the like. 



[0040] A composition for forming solid particles was prepared by using each of the following ingredients in the com- 
position below. 



Example 1 



Minocycline Hydrochloride 

Poly(lactide-co-glycolide) [50/50 (weight ratio), intrinsic viscosity 0.130 cfl/g, weight- 
average molecular weight 10,000] 

Triethyl Citrate 



10% by weight (potency) 
10% by weight 



10% by weight 
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(continued) 



Gelatin 


0.1% by weight 


Dextrin 


0.05% by weight 


Magnesium Chloride 


20% by weight 


Concentrated Glycerol 


Balance 



[0041] Magnesium chloride, gelatin, and dextrin were dispersed in concentrated glycerol, and the mixture was 
heated to dissolve the ingredients. After cooling, minocycline hydrochloride was allowed to be dispersed and dissolved. 
On the other hand, a poly(tecWe-co-g!ycolide) was dissolved in triethyl citrata With maintaining the both mixtures at a 
temperature of 50° to 60°C, a triethyl citrate solution was added to a concentrated glycerol solution, and the resulting 
mixture was uniformly mixed to give a desired composition. This composition was observed with an optical microscope, 
and as a result, there were confirmed liquid particles having a particle size of about 5 to about 15 pm. 
[0042] The composition for forming solid particles as prepared above was suspended in distilled water to form sofid 
particles rich in a pdy(lactide-co-glycolide). The resulting suspension was centrifuged, and the formed sofid particles 
were separated. The separated particles were washed twice with distilled water. Subsequently, the particles were sus- 
pended in a small amount of distilled water, and this suspension was lyophilized. The resulting lyophilized soBd particles 
rich in a polyflactbe-co-glycoBde) were observed with scanning electron microscope. As a result, it was found that the 
solid particles had a size of about 5 to about 25 pm in cfiameter (average size: 12.5 *im). Figure 1 is a photograph show- 
ing the solid particles rich in the poly(lactide-co-glycolide) by scanning electron microscope. 

Exampteg 

[0043] A conposition for forming solid particles was prepared in the same manner as in Example 1 by using each 
of the following ingredients in the composition below. 



Minocycline Hydrochloride 


10% by weight (potency) 


Pdy(lactide-co-glycolide) [50/50 (weight ratio), intrinsic viscosity 0.130 dl/g, weight- 


10% by weight 


average molecular weight 10,000] 




Triethyl Citrate 


10% by weight 


Gelatin 


0.5% by weight 


Magnesium Chloride 


20% by weight 


Concentrated Glycerol 


Balance 



[0044] This composition was observed with an optical microscope, and as a result there were confirmed that fiqukj 
particles had a size of about 5 to about 1 5 *im in diameter. In addition, the solid particles obtained by treating the com- 
position in the same manner as in Example 1 were observed, and as a result, it was found that the solid particles had 
a size of about 1 0 to about 30 jim in diameter (average size: 20 urn). 

Example 3 

[0045] A composition for forming solid particles was prepared in the same manner as in Example 1 by using each 
of the following ingredients in the composition below. 



Minocycline Hydrochloride 


2.0% by weight (potency) 


Polyflactide-co-glycolide) [75/25 (weight ratio), intrinsic viscosity 0.132 dl/g, weight- 
average molecular weight 10,000] 


3.5% by weight 


Triethyl Citrate 


13.5% by weight 
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(continued) 




Gelatin 


1.5% by weight 


Magnesium Chloride 




Concentrated Glycerol 


Balance 



[0046] This composrtion was observed with an optical mkroscope. and as a result, there were confirmed that liquid 
partides had a size of about 5 to about 1 5 um in diameter. 
io roo471 m addition the solid particles obtained by treating the composition in the same manner as in Example 1 
S^TL^ed^ndas a reatft rtwas found that the solid particles had a size of about 10 to about 30 urn m dameter 

Tav^ef^ 
ning electron microscope. 

15 Fxamples 4 to 1 2 

(1) Biodegradable Polymer and Solvent 

[00481 Atriethyl citrate solution corrprising a poly(lactide-cc-glycolide) [50/50 (weight ratio), intrinsic viscosity 0.130 
so dl/g. weight-average molecular weight 10.000] in an amount of 50% by weight was prepared. 

(2) Poiyhydric Alcohol. Viscosity-Increasing Agent, and Active Drug 

r00491 Gelatin to be dissolved was added to concentrated glycerol heated to a temperature of about 1 00°C. and the 
* Ke JSSESZl L .ne concentration of the gelatin was adjusted to 3.0% by weight. After coohng. rnnocycfine 
hydrochloride was added so as to have a final concentration of 2% by weight (potency)- . . 
0050] Subsequently, the composition for forming solid particles was prepared by moong (1) a tnethyl crtrate sdu 

30 70:30, and 8020, respectively. 
Sam ples 13 to 18 

(1) Biodegradable Polymer and Solvent 

[0052] A tnethyl crtrate solution conprising a poly(lactide<o^ycolide) [50/50 (weight ratio), intrinsic viscosity 0.130 
dl/g. weight-average molecular weight 10.000] in an amount of 50% by weight was prepared. 

(2) Poiyhydric Alcohol. Viscosity-Increasing Agent, and Active Drug 

[0053] Magnesium chloride and gelatin were added to concentrated glycerol heated toa terrperatwe at^rt 
WC Further either one of dextrin (Example 13). carboxyvinyl polymer (Example ^xarrthanegum (E^mp^ 
guar gum (Example 16). and pectin (Example 17) was added to be dissolved ^^^^SlSSS 
was adjusted to 3 0% by weight and the concentration of dextrin, or the like was adjusted to 01% by 
« example where dextrin.^ the like was not added was referred to as Example 18. After coohng. minocydme hydro- 
chloride was added so as to have a final concentration of 2% by weight (potency)^ . 
[0054] Subsequently, the composition for forming solid particles was prepared by mrx.ng (1) a tnethyl crtrate solu- 
tion and (2) a glycerol solution at a weight ratio of 2050. 

so Example 19 

[0055] A composition for forming solid particles was prepared in the same manner as in Example 1 by using each 
of the following ingredients in the composition below. 

55 

777-. " " I 5.0% by weight I 

Cetylpyridiniumchtonde I I 



35 



40 



45 
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(continued} 




Propylene carbonate 


20% by weight 


Polycaprolactone (intrinsic viscosity 0.100 dl/g, weight-average molecular weight 7,500) 


5.0% by weight 


Hydroxyetnyl Oeilulose 


2.0% by weight 


Propylene Gycol 


Balance 



[0056] The resulting composition was observed with an optical microscope, and as a result there were confirmed 
that liquid particles had a size of about 10 to about 20 urn in diameter. In addition, the solid particles obtained by treating 
the composition in the same manner as in Example 1 were observed, and as a result, it was found that the solid parti- 
cles had a size of about 30 to about 40 urn in diameter (average size: 35 pm) . 



Example gp 

[0057] A composition for forming solid particles was prepared in the same manner as in Example 1 by using each 
of the following ingredients in the composition below. 



Flurbiprofen 


1.0% by weight 


Polylactic Acid (intrinsic viscosity 0.087 dl/g, weight-average molecular weight 5,000) 


10% by weight 


Glyceryl Triacetate 


25% by weight 


Gelatin % 


2.5% by weight 


Concentrated Glycerol 


Balance 



[0058] The resulting composition was observed with an optical microscope, and as a result, there were confirmed 
that liquid particles had a size of about 1 0 to about 20 ^m in dameter. In addition, the solid particles obtained by treating 
the composition in the same manner as in Example 1 were observed, and as a result it was found that the solid parti- 
cles had a size of about 25 to about 40 \im in diameter (average size: 30 pm). 

Cfrfpparative Example 1 

[0059] A corrposition shown below was prepared using each of the following ingredients. 



Minocycline Hydrochloride 


2% by weight (potency) 


Poly(lactkJe-co-glycolide) [50/50 (weight ratio), intrinsic viscosity 0.130 dl/g, weight-aver- 


48% by weight 


age molecular weight 1 0,000] 




Glyceryl Triacetate 


Balance 



[0060] A poly(lactide-co-glycolide) was dissolved in glyceryl triacetate, and minocycline hydrochloride was dis- 
persed thereinto, to give a composition. This composition was uniform gel, and when this composition was observed 
with an optical microscope, liquid particles could not be confirmed. 

Comparative gx^mpift a 

[0061 ] A composition shown below was prepared using each of the following ingredients. 
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Minocycline Hydrochloride 

Polylaclic Acid (intrinsic viscosity 0.122 oT/g, weight-average molecular weight 10.000) 
N-Methyl-2-pvrrolidone . 



2% by weight (potency) 
70% by weight 



roo62 l A polytactic ackJ was dissolved in N-methyl-2-pyrroBdone, and thereinto was dispersed m^noq^ hydro- 
S, to k ff!SS^ ™ coaposition was uniform gel, and when this composrbon was observed wrth an 
optical microscope, liquid particles could not be confirmed. 

Test Example 1 

[0063] Each of the conpositions for forming sold particles of Example 1 . &an*e3^ C °^ZL^^l 

wafairninistered to SO^Sto have periodontal pcx*eto vri* 6 to 1 0 mm. ^ j^^Sw^e 

a group of 10 subjects with a root canal syringe to study on the retenbon ^"^^^^^^ JJ2 

d^pocketTprior to administration, each subject received scaling and root pbnjngjhe gmgivd 

«3fiR SsSected with paper strips 7 days after administration, and 10 days after adrrnnistrat^^dthe anwunteof 

in Table 1. 



Table 1 





Detection Percentage (%) 




After 7 Days 


After 10 Days 


Example 1 


100 


87.5 


Example 3 


| 100 


80 


Comparative Example 1 


70 


30 



(00641 fttetbundfrantheabweresute^ 

ofthe active STisdet^ted from 80% of the subjects even after 10 days, which is extremely hgh ^s^ed 
to M oTSZSve Exarrple. This is presumably because after the active drug in the present ™^ * f™** 
£££ i toTfoToT?iaa£a fine soitf particles are formed, and the formed solid parses surety reach^rriare 
e^lenTe tcZX pockets, .n a case where the exposition of 

that the concentrations of minocycline hydrochloride at which the <™^™J^^^^^^^ 
to bacteriostatis against periodontpathic bacteria were at a level of about 240 ng/mJ after 7 ~ 
atte^O^ Vo SSn^a casewhere the composition of Example 1 was used, there were ^^J™ ^ 
ScSrrdnocydine hydros 

that the concentration of the retained active drug was remarkably improved when a composition formuiatea wot an 
^tfo^^aoS w^foTn resutts in an increase in the retention of the «*d partdes wrtfun the penc- 
dontal pockets. 

Test Example 2 

[0065] m order to study the reachability of the solid particles released from the composition fcrfcf^^ 
Ses to a narrow gap such as a bottom of a periodontal pocket, an in vtiro test was earned <^™££^^ 
as shown in F.gunTa was prepared from agar. The periphery of the cavity and the f*^^^?^ * ^ 
and each of the compositions of Example 1. Example 3. Comparative Example ^^^S^^VZ 
poured from a top with a root canal syringe. The reachability of the composrbon to the t ^^f™ ed * ^ 
cteervatjon and* detecting minocydine hydrochloride at the bottom. The results are shown in Table 2. 
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Table 2 





Example 1 


Example 3 


Comp. Example 1 


Comp. Example 2 


Distance Reached from Top (mm) 
Minocycline Hydrochloride 


30 

Detected" 1 


30 

Detected* 1 


16 

Not Detected 


17 

Not Detected 



Note *1 : Greater than 0.1 ^g/ml. 



[0066] It was found from Table 2 that the compositions for forming solid particles of the present invention could allow 
to spread the solid particles released from the composition to all corners to reach even a small gap. 

Test Example 3 

[0067] The compositional ratio of the biodegradable polymer and the solvent to the polyhydric alcohol and the vis- 
cosity-increasing agent was studied. With respect to each of the compositions for forming solid particles obtained in 
Examples 4 to 12, there were confirmed the stability of emulsion and the retention of the active drug in the solid parti- 
cles. 

[0068] The stability of emulsion was evaluated by allowing the present composition to stand at 40°C for one month, 
and observing the properties of the composition visually and with a microscope. The properties of the present compo- 
sitions were observed with the principal object to determine whether or not two-phase separation takes place, and 
whether or not the state of emulsion is maintained as follows: 

©: No two-phase separation took place, and the emulsion was present in a stable form. 

O • Either a tendency of the two-phase separation or reduction of emulsion was observed. 

X: Both the tendency of the two-phase separation and the reduction of emulsion were observed. 

[0069] The retention of the active drug was evaluated as follows. 

[0070] An about 0. 1 g of the composition for forming solid particles was placed in a dialysis tube (manufactured by 
Santo Junyaku K.K., fractional molecular weight 12,000 to 14,000), and dialyzed against 100 ml of phosphate buffer at 
37°C for 48 hours to determine the amount of minocycline hydrochloride in the fluid out of the dialysis tube. From the 
amount of minocycline hydrochloride contained in the composition for forming sofid particles prior to dialysis and the 
amount of minocycline hydrochloride in the fluid out erf the dialysis tube, the proportion of minocycline hydrochloride 
retained in the dialysis tube, i.e. the proportion of minocycline hydrochloride included in the solid particles, was calcu- 
lated. 

[0071] The results are shown in Table 3. 



Table 3 



Compositional Ratio (% by weight) 


Constituents 


5 


10 


20 


30 


40 


50 


60 


70 


80 


for Dispersed 




















Phase 




















Constituents 


95 


90 


80 


70 


60 


50 


40 


30 


20 


tor Continu- 




















ous Phase 




















Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Stability of 


O 


© 


© 


© 


@ 


O 


X 


X 


X 


Emulsion 


O 


© 


© 


© 


© 


O 


X 


X 


X 


Retentive- 


<10 


16 


32 


40 


63 


75 


NT 


NT 


NT 


ness of Medi- 


<10 


16 


32 


40 


63 


75 


NT 


NT 


NT 


cament (%) 












Note): NT: No test was 


; carried out because a stable emulsion was not formed. 









10 



15 



20 
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[0072] R was found from Table 3 that in a case where the proportion of the continuous phase *° ^^^j^ nhSe 
wasin an eXne, the stability of emulsion tended to be lowered. Particularly in a case where tt»e contauousj phase 
was ^..^ formation of emulsion per se dfci not take place. In addition by ^^^^l^^ 
^se^here was confirmed a tendency that the amount of the active drug inducted .nto the solid particles could be 

made large. 
Test Example 4 

[0073] With respect to each of the compositions for forming solid particles prepared inl * 

farmed solid oartideswere tested for the retention. The evaluation for the retention was earned out as follows. A vessd 

as^S Ce 4^ feared using a dialysis tube (Corrida! Produd t No. UdCKKMOO, manufactured by 

Sanko Junyaku K.K.). As shown in Figure 4. one end of the diafysis tube b closed. . . ;at . aMed 

^74] Tereinto was placed about 100 mg of the composition, and to the cornposrton was ^ 
Sse about 50 Ml of diSed water. SubsequentJy. this vessel was allowed to float on a v«ter surface 

wTdstilfed water so as not to have water enter into the vessel. Five minutes cr 0 mjriutos 
ZL, ^ faced upside down in water so as to allow distilled water in the water tank to enter into the vessel. Tor 30 

vessel was dried, and the retention of the solid particles was evaluated by a weight change. The results are shown m 
Table 4. 

Table 4 



25 



30 



35 





Retention Rate (%) 




After 5 min. 


After 15 mia 


Composition for Forming Solid Particles 


Example 13 


3.16 


13.85 


Example 14 


2.84 


10.53 


Example 15 


0.91 


0.68 


Example 16 


0.52 


0.61 


Example 17 




0.58 


Example 18 


0.22 


0.42 



[0075] The retention rate was obtained as follows. Specifically, an increased amount .n »hewe^ d*ed.alys6 
She was considered as the amount of the solid particles retained in the vessel, and the amourrt wa^ed by t^ 
40 amount of the opposition placed in the vessel. The resulting value was expressed as percentage, and referred to as 
S^onratT^^ 

the retention after 5 minutes and after 15 minutes were high. 
Test Example 5 

45 [00761 An in vitro test was carried out in the following manner using each °^ < ^P^^^^'^ k ; 
tides Dreoared in Examples 13 to 18. As shown in Figure 5. about 100 mg each of the compositions for forming sobd 

p^de^a^^ 

oTaboS20 degrees. After 10 rZtes. the slide glass was lightiy shaken sideways »^»*^%?^ 
50 to the slide glass. SubsequentJy. this slide glass was dried, and the fluidity and the retenton of ^esdid^eswere 
equated from the^SgM change of the slide glass before and after the test and from the spreading of the adhered 
solid partides (distance L toward a lower end from a center b of a fixed position). 
[0077] The results are shown in Table 5. 



55 
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Table 5 





Weight Change (mg) 


Spreading (mm) 


Composition for Forming Solid Particles 


Example 13 


9.21 


18 


Example 14 


6.72 


30 


Example 15 


3.21 


12 


Example 16 


1.55 


8 


Example 17 


0.84 


0 


Example 18 


0.51 


0 



[0078] It was clear from the results that in a case of the composition formulated with dextrin or carbaxyvinyl poly- 
mer, the adhesiveness to the surface of the slide glass was high, and the cfi stance of spreading was long. From the 
above, in the compositions for forming sold particles formulated with an adhesive, both the fluidity and the retention of 
the formed solid particles were high, thereby having extremely preferable properties for the composition the therapeutic 
and prophylactic purposes in the field of dentistry. 

EQUIVALENT 

[0079] Those skilled in the art will recognize, or be able to ascertain using simple routine experimentation, many 
equivalents to the specific embodiments of the invention descrfoed in the present specification. Such equivalents are 
intended to be encompassed in the scope of the following claims. 

INDUSTRIAL APPLICABILITY 

[0080] The composition for forming solid particles of the present invention can allow the carrier comprising an active 
drug to reach all corners of narrow periodontal pockets. The carrier comprising the active drug has high retention in the 
periodontal pockets, whereby making it possWe to maintain the active drug for a long period of time at a high concen- 
tration. Therefore, there can be provided more effective method for treatment or prophylactic method for such diseases 
as periodontal diseases by using the above composition. In addition, the production method of the present invention is 
a method of simply and safely manufacturing the solid particles. 

Claims 

1 . A composition for forming solid particles comprising a biodegradable polymer, a solvent, a polyhydric alcohol, a vis- 
cosity-increasing agent, and an active drug, wherein said composition is in the form of an emulsion comprising a 
continuous phase rich in the polyhydric alcohol and the viscosity-increasing agent and a dispersed phase of liquid 
particles rich in the biodegradable polymer and the solvent said dispersed phase being present in said continuous 
phase. 

2. The composition according to claim 1 , wherein the content of the biodegradable polymer is from 1.0 to 30% by 
weight; the content of the solvent is from 5.0 to 40% by weight; the content of the polyhydric alcohol is from 30 to 
90% by weight; the content of the viscosity-increasing agent is from 0.05 to 1 0% by weight; and the content of the 
active drug is from 0.1 to 20% by weight. 

3. The composition according to claim i or 2, obtainable by adding the active drug to a mixture comprising the poly- 
hydric alcohol and the viscosity-increasing agent and/or to the biodegradable polymer dissolved with the solvent; 
and mixing the mixture comprising the polyhydric alcohol and the viscosity-increasing agent with the biodegradable 
polymer dissolved with the solvent. 

4. The composition according to any one of claims 1 to 3, wherein solid particles comprising an ingredient rich in the 
biodegradable polymer are formed when contacted with an aqueous component 
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5. The composition according to any one of claims 1 to 4. further comprising an adhesive in the continuous phase. 

6. The cornposilion according to ^ 

7. The composition according to any one of claims 1 to 6. wherein the average particle size of the liquid particles is 
from 1 to 300 jim. 

8 . The composition according to any one of claims 1 to 7. wherein a total amount of the pdyhydric alcohol and the 
viscosity-increasing agent is from 40 to 95% by weight 

9. The composition according to any one of claims 1 to 8, wherein the pdyhydric alcohol is ^^"^^^ 
^ecSWn the group consisting of glycerol, ethylene glycol, diethylene glycol, propylene glycol, hexylene glycol, 
1 ,5-pentanedid, and 1 ,3-butylene glycol. 

10. The composition according to any one of claims 1 to 9. wherein the biodegradable polymer is one or more conv 
SurTsSS fr ™ the grouping d polyiactic acids, pdyglycofic adds, ^ctide^^. pdy- 
Smlactones. polyamides. polyurethanes. pdyanhydrides. pofyesteramldes. po«y(malic acds). chrbn. and 
chhosan. 

11 The composition according to any one of claims 1 to 10. wherein the solvent is one or more conpounds selected 
f^gCoSgl triZ citrate, propylene carbonate, N-n^2-pyrrolidone. and glyceryl tnacetate. 

1 2. The composition according to any one of daims 1 to 1 1 . wherein the viscosity-increasing agent rs one or more. conv 
SurSSSS from the grouVconsisting d polyvinyl akx>hols. polyvinyl pyrrolidones. gelatin, collagen, protons, 
Polyalbumins. carrageenan. guar gum. hydroxyethyl cellulose, xanthane gum. and tragacanth gum. 

13. The composition according to any one of daims 1 to 12. wherein the active drug is one or more compounds 
s££?£m£ group c^stingof antibkrtcs. antibacterial agents. ^^J^ arrt-rnf ^tory^ ente. 
^ factors, artor agents, analgesics, anesthetics, vaccines, medcines for central nervous, hormones, anti- 
histamines, and anti-ulcer agents. 

14 The composition according to any one of daims 1 to 12, wherein the active drug is one or more compounds 
^S^^Z^a^c^ amniotics, newquinolone, and macrolide antibrcAcs. 

1 5. The composition according to any one of claims 5 to 1 4. wherein the adhesive is a carboxyvinyt polymer and/or dex- 
trin. 

16. A method lor manufacturing a composition for forming sol* 

comprising a pdyhydric alcohol and a viscosrty-increasing agent and/or to a biodegradable P°^f^* ^ 
a solvWanfi ImJxing the mixture comprising a polyhydric alcohol and a viscosity-increasrng agent and the biode- 
gradable polymer dissolved with a solvent 

1 7. A therapeutic agent for the treatment of periodontal disease or gingivitis, comprising the composition of any one of 
claims 1 to 15. 

1 8. The therapeutic agent according to daim 17. comprising minocydine hydrochloride as an active drug. 

1 9. A prophylactic agent for periodontal disease or gingmtis. comprising the composition of any one of daims 1 to 1 5. 
2a The prophylactic agent according to claim 19. comprising minocydine hydrochloride as an active drug. 

21. A method of treatment of a periodontal disease or gingivitis comprising administering a 

composition of any one of daims 1 to 15 to a periodontal pocket for the treatment of a periodontal disease or gin- 
grvitis. 

22. A prophylactic method of a periodontal disease or gingivitis comprising administering a sufficient amourt of the 
conpodtion d any one of daims 1 to 1 5 to a periodontal pocket for the prophylaxis of a penodontal disease or gin- 

givitis. 
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23. Use of the composition of any one of claims 1 to 1 5 for manufacturing a therapeutic agent or prophylactic agent of 
a periodontal disease or gingivitis. 
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